Abstract. The space-time evolution of Quark Gluon Plasma at RHIC energies under circumstance of nonideal fluid dynamics with cylindrical and spherical symmetry are studied. Using RHLLE numerical method, we compute the bulk and shear viscosity components in addition to temperature and radial velocity profiles. The numerical results show that the effect of shear viscosity cause to slow down of expansion of system and reducing of longitudinal pressure due to shear viscosity lead to an increasing in radial velocity profiles. These effects on cylindrical geometry are more remarkable than spherical geometry. The space-time diagrams of thermal freeze-out show that a softened equation of state leads to a larger space time of freeze-out and it will be a little larger while we take the effect of viscosity into account. The two-pion Hanbury-Brown-Twiss (HBT) interferometry for the viscous hydrodynamic sources is performed. The HBT analyses indicate that the viscosity effect on the two-pion HBT results is small if only the shear viscosity is taken into consideration in the calculations. The bulk viscosity leads to a larger transverse freeze-out configuration of the pion-emitting sources, and thus increases the transverse HBT radii. The results of the longitudinal HBT radius for the source with Bjorken longitudinal scaling are consistent with the experimental data.
Introduction
Simulated the expansion of the Quark-Gluon Plasma (QGP) which created in Relativistic Heavy Ion Collider (RHIC) and Large Hadron Collider (LHC) helps to understand the evolution of the universe. And the results from experiments indicate that the Quark-Gluon Plasma (QGP) behave like a high dense, strongly interacting ideal fluid with a viscosity effect [1] . So using viscous relativistic hydrodynamics theory which originally derived in relativistic form by Eckart [2] and developed by Landau and Lifshitz [3] , relativistic hydrodynamics can be classified in term of a gradient expansion of the fluid's energy momentum tensor [4] . The ideal hydrodynamic has no gradient, so all dissipative effects are neglected. Navier-Stokes form of equation contains first order gradient term, so we can go beyond the ideal hydrodynamic with including of viscous effect. Finally, in Muller-Israel-Stewart theory [5] in addition to the first order gradient term, the second order gradient term is also included. The idea of using the second order gradient term in relativistic hydrodynamic by Israel-Stewart, came from this fact that the Navier-Stokes relations in the hydrodynamic equations leads to hydrodynamic evolution with a causal signal propagation and the instabilities during the numerical solutions developed [6] . The second order gradient method eliminates causality and stability problems by choosing of dissipative fluxes (e.g. heat conductivity, bulk and shear viscosity) as independent dynamical variables of kinetic equations of motion which are coupled and must be solved simultaneously with the hydrodynamic evolution equations [7] . While we use the non-ideal hydrodynamics to describe the space-time evolution of hot and dense matter, the knowledge of the equation of state and transport coefficients is essential. The positive transport coefficients and their relaxation times are related to each other through an equation of state [8] .
In the present work, we begin from non-ideal fluid dynamics equation based on Muller-Israel-Stewart theory for a system with conserved charges and free of baryon density in Landau frame. In this case, the effects of vorticity and the heat conductivity of flow can be ignored. The basic equations of causal viscous hydrodynamics that we choose to study are given by [8] [9] [10] . At the following, we drive the hydrodynamic evolution equations in a simple numerical solvable form. Then, the corresponding set of coupled equations with assumptions of cylindrical symmetry are solved by Harten-Lax-van Leer-Einfeldt (RHLLE) numerical method [11, 13, 14] . We examine the effect of bulk and shear viscosity by considering of two different types of equations of state at RHIC energies. Throughout the evolution, we assume that the dimensionless ratio of shear viscosity to entropy is maintained constant and fluid velocity is assumed to be zero initially. Finally, we compare the results of Ideal and Non-ideal fluid dynamics with each other. This paper is organized as follows. In section 2, we present the equations of viscous fluid dynamics with longitudinal boost invariance and the transport equations related to bulk pressure and shear tensor components. And we give the equation of states(EOS) and also the initial conditions which are used in our calculations in this section. In section 3, with the hydrodynamics equation, the EOS and the initial conditions, we discuss our numerical results and comparing them with the experimental data. Finally, the summary and conclusions are given in section 4.
(2+1)-Dimensional Viscous Hydrodynamics and Equation of State
With the given initial energy density  and the net-baryon density B n , once the equation of state
is known, we can simulate the evolution of QGP by relativistic dissipative hydrodynamics. In this case we consider the evolution with the Bjorken-cylinder geometry and zero net baryon density. Through solving the hydrodynamics equations, i.e., 0 T    , we will obtain information about thermodynamic and the flow velocity of the QGP. Considering the Bjorken-cylinder geometry, after / z v z t  , the other quantities become independent of the space-time rapidity
. Using this, we reduce the (3+1)-dimensional hydrodynamics to (2+1)-dimensional one, and solve them numerically by applying the relativistic Harten-Lax-Leer-Einfeldt (RHLLE) algorithm. And, in the present paper, we use viscous hydrodynamics to simulate the collision system by solving the second-order Israel-Stewart (IS) equation.
The energy-momentum tensor of the fluid in relativistic dissipative hydrodynamics can be expressed as
Where () Pp    is local isotropic pressure density plus bulk pressure density, is the velocity shear tensor. As for the IS equations for the viscous pressure components we neglect the vorticity terms which follow from the kinetic-theory derivation, and we also neglect the coupling between bulk and shear viscosity.
In viscous hydrodynamics, energy momentum conservation equations should be solved simultaneously with the relaxation equations.
The EOS used in this paper is the parametric EOS (named s95p-PCE as ref. [12] ) which combines hadron resonance gas at low temperatures with lattice QCD at high temperatures. Figure 1 shows the pressure p, the temperature T, the square of sound velocity 
Numerical Result of (2+1D) Viscous Hydrodynamics
Using RHLLE numerical method, we compute the bulk and shear viscosity components in addition to temperature and radial velocity profiles. In Figure 2 , we sketch the temperature and velocity profiles at different times for two considering case of an ideal fluid without viscosity and for a non ideal fluid with the ratio of shear to entropy equal to We can see the numerical result for Bjorken geometry with the S95p-PCE EOS. The temperature profiles which calculated with ideal hydrodynamic equation will cool faster than those profiles that the viscosity are included and viscus effect lead to slow down of expansion of system. And the reducing of longitudinal pressure due to shear viscosity leads to an increasing in velocity profiles. As for the non-central collisions, we can see at the same x-direction the temperature is smaller than the central situations. It indicates the source is smaller in non-central 35 collisions. On the contrary, because the pressure in the x-direction increases in non-central situation, so the velocity is higher. As for the viscosity fluid, the difference is even bigger.
In Figure 3 , we show the viscous pressures as functions of the x-coordinate and time for the viscous fluid at different y. In Figure 4 , we plot the evolution of temperature in the form of different freeze-out temperature (TF = 0.7Tc and TF = 0.8Tc) surfaces. The plots show the different evolution into and perpendicular to reaction plane and compare ideal with viscous hydrodynamics. Comparing the two sets if temperature contours showed in Figure 4 , one see that viscous effects tend to slow the evolution, so the viscous fluid cools more slowly than the ideal one at all the time and positions and lengthens the lifetime of QGP (quark-gluon plasma). So for b = 7fm collisions, it gives an impression of anisotropy of the QGP in coordinate space, we can see the larger transverse size at freeze-out in viscous fluid. The two-pion Hanbury-Brown-Twiss (HBT) interferometry for the viscous hydrodynamic sources is important for us to match the experimental data. The HBT analyses indicate that the viscosity effect on the two-pion HBT results is small if only the shear viscosity is taken into consideration in the calculations. The bulk viscosity leads to a larger transverse freeze-out configuration of the pion-emitting sources, and thus increases the transverse HBT radii. The results of the longitudinal HBT radius for the source with Bjorken longitudinal scaling are consistent with the experimental data. In Figure 5 ,we show the HBT interferometry results with our model. The experimental data are from STAR Collaborations.
Summary
Based on the Muller-Israel-Stewart second-order theory, we drive the equations of Non-Ideal relativistic fluid dynamics in a simple form. Then, the corresponding set of coupled equations with assumptions of cylindrical symmetry are solved by RHLLE numerical method. For extracting of the general behavior of bulk and shear viscosity, we considered two type of equation of states with a constant ratio for / s  .
The numerical results with Ideal EOS shows that the temperature profiles of ideal hydrodynamic equation will cool faster than those profiles that the shear viscosity are included and the effect of viscosity cause to slow down of expansion of system and reducing of longitudinal pressure due to shear viscosity lead to an increasing in radial velocity profiles. These effects on cylindrical geometry are more remarkable than spherical geometry.
In order to investigate the effect of bulk viscosity, we run our program with an equation of state in which the sound velocity in domain of phase transition reduces. The results for this type of EOS show that the tendency of system to expand in comparison with an ideal EOS reduces. For the bulk pressure peak locates near to critical temperature but it will be vanished in the elsewhere. Our finding for both cases shows that the except for vicinity of phase transition the effect of bulk pressure can be ignored. The space-time diagrams of thermal freeze-out for cylindrical and spherical evolution at a fixed isotherm, show that a softened equation of state leads to a larger space time of freeze-out and it will be a little larger while we take the effect of viscosity into account. The source with considering of viscosity, reaches to freeze-out at a larger space until a certain time and then it will be a little smaller.
